




























































































































































































































































































































































































































Table G-1
RESULTS OF ANALYSIS FOR ROAD SALT/ANTI-SKID AGENTS

Time
Settled

Sand:Salt (min.:sec.)

.08 .31 642 34 .53 .34

.07 .32 406 24 .41 .32

.10 .25 895 44 .62 .30

.08 .25 582 52 .24 .34

.13 .03 3036 58 .17 .24

.09 .12 992 52 .10 .04

.08 .10 890 58 .80 .20

.06 .12 638 56 .38 .32

.05 .02 640 36 .43 .20

.04 .02 376 32 .30 .26

.12 .12 1688 98 .15 .20

.10 .11 1106 96 .08 .14

.04 .01 426 32 .24 .16

.03 .01 256 22 .23 .30

.11 .22 1016 58 .07 .12

.09 .20 612 58 .04 .08

.01 .16

Sample

Brook 1yn Park

Golden Valley

Cottage Grove

Eden Prairie

Crystal

Hennepin County
Highway Dept.

Hennepin County
Highway Dept.

Mn/DOT

Hennepin County
Highway Dept.

2:1

5:1

6:1

10:1

10:1

20:1

A11 sand

2:1

All salt

0:30
3:52

0:30
3:52

0:30
3:52

0:30
3:52

0:30
3:52

0:30
3:52

0:30
3:52

0:30
3:52

0:30
3:52

Zn Pb

.03 .36

TSS VSS TP TKN

Several observations can be made by looking at the data in Table G1. The TSS
levels are dependent on the borrow material used rather than on the ratio of
sand:salt mixed. Physical observation of clarity after agitation showed quite
readily that the Cottage Grove "sand" was very high in silt and clay, and
Hennepin County straight sand was low. The Hennepin County sample, however,
probably had increased clarity because of lack of colloidal interference from
salt. The fines are roughly 60 percent clay and 40 percent silt (as shown in
the settling splits), except for Cottage Grove, which is about 70 percent
silt. Finally, the suspended solids are primarily inert, with VSS in the 2-9
percent range of TSS. The solids figures clearly show that a very small part
of the anti-skid solids applied to a street will likely migrate very far and
should readily settle in any nearby detention facility, including a wetland, a
lake or a stream channel.

The TKN values in Table G1 generally fall quite low relative to the concentra
tion values seen for TKN in runoff from urban surfaces (Table 6 in the text and
USGS Basic Data Report). Typical TKN values of snowmelt and early spring
runoff from urban streets are in the 1.0 - 5.0 mg/l range, while the anti-skid
agent levels in Table G1 are all less than 0.34 mg/l. The TP concentrations,
on the other hand, are very high relative to urban street runoff. Typical TP
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concentrations at urban storm sewer sites are in the 0.1-1.0 mg/l range. The
TP values in Table G1 fall directly in this range and therefore could contrib
ute substantially to the total phosphorus load coming from street surfaces. A
key to the source of this TP is in the Hennepin County Highway Department
straight sand analysis, which shows a TP concentration of about 0.24 mg/l for
the fines portion. Bioavailability of this phosphorus is not known.

Lead and zinc ranges in snowmelt and early spring runoff are generally 0.1
0.5 mg/l and 0.05-0.2 mg/l, respectively. The ranges in areas with high
traffic values are 0.5-1.0 mg/l Pb and 0.5-0.7 mg/l In (Table 6 in text; and
USGS Basic Data Report). Again, it appears that a fair portion of the Pb load
and a little less of the In load might come from the material added to the
street. A possible source of the metals found is seen in the Hennepin County
Highway Department straight salt (Table G-1) which contains 0.36 mg/l Pb and
0.03 mg/l In.

Although these data do indicate some preliminary findings relative to salt and
anti-skid agents, caution should be used in drawing conclusions. The data are
fairly limited, representing a one-time effort for evaluative purposes. One
must keep in mind that the salt/anti-skid agents are applied usually once or
twice during a storm, while automobiles and trucks continually traverse the
roadways.

From a management standpoint, however, it seems very apparent that judicious
use of these materials is warranted. The data presented do not merit massive
curtailments in road salting/sanding operations, but do suggest programs that
minimize "precautionary" salting, maximize equipment maintenance, and provide
for proper materials storage. The very high pollutant levels seen in runoff
during early spring rains also suggests street cleaning as soon as possible
after snowmelt, particularly in watersheds immediately tributary to lakes.
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IMPACT OF WETLANDS ON WATERSHED WATER QUALITY

G. L. OBERTS1

ABSTRACT

A nonpoint source water quality sampling study was conducted on six
rural and 11 urban watersheds in the Minneapolis-St. Paul Metropolitan
Area (2,968 square miles). Wetland occurrence was one principle
watershed selection criterion because wetlands were expected to playa
major role in determination of watershed water quality. Regionally,
wetlands compose approximately 7.4 percent of the total seven-county
area; wetland percentages in the sampled watersheds vary from 4.8 to
1~.3 in the rural basins and from 0 to 14.5 in the urban basins.
Results of the water quality monitoring show that wetlands occurrence
relates to the annual watershed loads for several sampled constitu
ents. Multiple regression statistical modeling of the sampled
watersheds yields significant relationships when various combinations
of wetland-related watershed factors are evaluated.

INTRODUCTION

A nonpoint source water quality sampling program was undertaken as
part of a Section 208 (Public Law 95-217) Water Quality Management
Program. Six rural and four urban receiving streams as well as seven
subwatersheds within the four urban basins, were monitored during the
entire calendar year 1980. The major objective of the program was to
sample a sufficient quantity of runoff events to adequately determine
the impact of nonpoint sources on receiving streams and lakes in 1980.

It was expected that the degree of wetland occurrence within a
watershed would be a major determinant of water quality. Because the
Metropolitan Area surface is composed of approximately 7.4 percent
wetlands, watersheds with variable wetland content were easy to select,
and wetland content was one of the major criteria for watershed selec
tion. If wetlands are found to be a significant factor in improving
the quality of runoff, then they would be recommended as non structural
management practice for treatment or handling of runoff. However,
knowledge of wetland behavior and long-term reaction to high loads is
needed before widespread use of wetlands for water quality management
can be recommended.

METHODS

From 15 to 30 snowmelt and rainfall events, in addition to baseline
samples, were collected at each of the 17 sites. The 12 watersheds

1 Senior Environmental Planner, Metropolitan Council, 300 Metro
Square Building, St. Paul, Minn. 55101.
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that responded quickly to runoff were equipped with Manning automatic
water samplers (model S-4050, adapted for one-liter samples). Each
station was equipped with U.S. Geological Survey (USGS) stage recording
equipment and set to record every 5 or 15 minutes, depending on
watershed response. Finally, each station had on-site or nearby a
tipping-bucket rainfall gage (sensitive to 0.01 inch) with recorder,
and a bulk precipitation gage for calibration. Sampling sites were
maintained and field data were collected by USGS personnel.

Laboratory analysis of up to 35 chemical, biological or physical
constituents for each sampling event was done by the Metropolitan Waste
Control Commission water quality laboratory. A quality assurance pro
gram was concurrently undertaken with the USGS water quality laboratory
in Atlanta, Georgia. The data management system was a highly modified
version of the system available through the Urban Hydroloogy Program of
USGS; the modified system allowed for analysis of over 16,000 pieces of
water quality information, plus continuous flow and precipitation
data. The system modification was done by project personnel.

Watershed basin characteristics including wetland area were deter
mined for each watershed in the Region from available topographic and
land use maps, and from a rural area survey of agricultural use/
management done under contract by the Association of Metropolitan Soil
and Water Conservation Districts. Approximately 30 characteristics
were gathered for each basin. Further details on the nature of the
study can be found in Ayers et al., 1980.

RESULTS AND DISCUSSION

1980 Water Quality Loads

The 1980 watershed loads, in pourrds per acre, for the 17 watersheds
are contained in Table 1. Following are brief descriptions of the
sampled watersheds:

Bevens Creek dairy and support agriculture; wetlands mostly in
upper watershed.

Carver Creek - same agriculture as Bevens Creek; wetlands
throughout watershed.

Credit River - cash crop agriculture with mixed open space;
moderate wetlands.

Elm Creek - in transition from agriculture to low density urban;
many wetlands.

Raven Stream - dairy and support activities; moderate wetlands.
So. Branch Vermillion River - cash crop agriculture, highly

irrigated; few wetlands.
Bassett Creek - urban tributary; changes from low-density to high

density urban.
Shingle Creek - urban tributary; changes similar to Bassett Creek

but slightly less dense.
Purgatory Creek - rapidly urbanizing; site just downstream from

small lake.
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Table 1
1980 WATERSHED LOADS AND PERCENTAGE WETLAND

IN SAMPLED WATERSHEDS

Wetland Load (1 b/acre)
A~e~ Percent Runoff ~

Site ml. (water) TSS COD TKN NN TP Pb in.

Bevens Creek 82.9 5.2 (0.8) 18.8 31.6 1.44 1.23 0.33 1.86

Carver Creek 65.2 9.6 (9.3) 15.6 39.2 1.45 0.29 0.42 2.11

Raven Stream 32.4 5.8 (0.2) 24.1 40.8 2.10 1. 98 0.38 2.30

Credit River 23.2 11.0 (3.0) 24.6 55.4 2.32 0.50 0.56 3.42

Elm Creek 14.3 16.3 (0.2) 9.3 59.3 1~89 0.25 0.32 4.02

So. Br. 30.8 4.8 (0.0) 155.1 61.2 2.88 4.63 0.53 6.65
Vermi 11 ion R.

Bassett Cr. 31.7 8.1 (6.4) 78.1 55.2 2.20 0.46 0.37 0.037 5.36

Shingle Cr. 22.9 8.2 (4.6) 30.5 36.6 1.71 0.25 0.22 0.034 3.69

Purgatory Cr. 24.0 14.5 (4.9) 14.2 39.3 1.09 0.03 0.07 0.003 3.14

80th St. 1.55 1.5 (0.0) 32.3 53.3 1.85 0.55 0.44 0.048 3.24

Iverson 0.15 0.0 (0.0) 1820 99.7 3.41 0.27 1. 70 0.071 2.43

PDO 0.13 0.0 (0.0) 716 106 7.14 0.90 1.88 0.108 4.96

Wesley 0.33 4.0 (0.0) 347 137 , 4.20 2.51 0.99 1.049 7.03

Sandburg 0.12 0.0 (0.0) 1350 265 11.4 1.63 0.89 0.380 10.42

Hwy. 100 0.47 0.3 (0.0) 115 168 2.53 0.62 0.42 0.549 6.41

Estates 0.22 0.0 (0.0) 55.1 111 3.76 0.66 0.98 0.276 5.63

Yates 0.35 0.0 (0.0) 159 158 4.98 0.69 0.63 0.107 4.41

Key

TSS - total suspended solids
COD - chemical oxygen demand
TKN - total Kjeldahl nitrogen
NN - nitrite-nitrate-nitrogen
Tb - total phosphorus
Pb - tota1 load
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80th Street - site at medium density, new residential; mainstem
outlet of detention system.

Estates Drive - medium-density residential storm sewer site in
Shingle watershed.

Yates Avenue - multifamily and medium-density residential storm
sewer site in Shingle watershed.

Highway 100 high-density residential storm sewer site with major
highway in Bassett watershed.

Wesley Park medium-density residential storm sewer site in
Bassett watershed.

Sandburg Road - light industrial park storm sewer site in Bassett
watershed.

PDQ Store - multifamily and medium-density residential storm sewer
site in Purgatory watershed.

Iverson Avenue - medium-density residential under construction in
80th Street watershed.

Table 1 shows that a reduction in per-acre loading exists between
storm sewer subwatersheds and the mainstems. This load attenuation is
due to many physical, chemical and biological factors, including set
tling, oxidation-reduction, and biological utilization. Nitrite
nitrate-nitrogen (NN) is an exception to the general trends shown
elsewhere in the table, due largely to the nitrification-denitrifica
tion phenomenon that causes such variability within a watershed.

Analysis of the 1980 seasonal loading data indicates that a large
portion of the total annual load for the rural area occurs during
snowmelt runoff or as a result of storms that occur prior to estab
lishment of a protective vegetative canopy (Metropolitan Council,
1981). The data indicate that the snowmelt and early storm events
accounted for a significant percentage of the annual load: 49 to 82
percent of TSS, 50 to 79 percent of COD, 73 to 89 percent of TKN, and
83 to 86 percent of TP. Wetland retention of runoff and influence on
water quality during these periods of the year seems minimal because
the ground is frozen and the vegetation largely dormant.

The urban seasonal load analysis, however, showed that the annual
load is uniform over the first three seasons, with autumn loading being
lower due to decreased rainfall. The urban mainstem and storm sewer
sites respond to every measurable rainfall and snowmelt, resulting in
numerous load increments composing the total load. The six largest
events of the year were responsible for 50 to 75 percent of the flow;
49 to 80 percent of the TSS load; and 50 to 78 percent of the TKN
load. Five of these six events occurred between the June and September
when wetlands are biologically active and capable of responding to
stormwater inputs.

Statistical Analysis

The loading data presented in Table 1 forms the basis for gener
ating loads for every watershed in the Region by regression analysis.
Long-term median loads for the 17 study watersheds were determined
using the relationship of rainfall-snowmelt-runoff and the resultant
water quality. The historic National Oceanic and Atmospheric Admini-
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stration (NOAA) precipitation records (1952-1980) and USGS flow data
from long-term stations (1963-1980) were used to generate 18 years of
loading data for the 17 watersheds by applying the relationship above,
thus allowing for frequency analysis of nonpoint source loading in the
watersheds.

After the particular basin characteristics that influence the loads
in a watershed were determined, it was possible to show how these loads
related to the occurrence of wetlands. Approximately 30 independent
variables were quantified and placed into the modified data management
system for multiple regressions using various techniques with loads as
the dependent variables. Table 2 lists the final multiple regression
models that were chosen to determine the long-term median loads for
regional watersheds. Storm sewer subwatersheds were not included in
the development of these models because of the size of the watersheds
to which projection occurred. The independent variables occurring in
the table are defined as follows, with those variables involving
wetlands listed first:

LUWET = percentage of watershed area in wetlands.
LUWTR = percentage of watershed area in standing water.
LUWTWR = LUWET + LUWTR.
LUAGI = percentage watershed area in agriculture or vacant land.
USLER = Universal Soil Loss Equation-derived soil loss

(tons/acre/yr)
USWET = USLER/LUWET.
RELEF = watershed relief (ft.).
LUURB = percentage of watershed in urban.
LUCI = percentage of watershed in commercial and industrial.
LUOS = percentage of watershed in open space.
LURSF = percentage of watershed in residential single family.
LUURBCO = LUURB - (LUCI + LUOS).
LUWETAGI = LUWET + LUAGI.
LUURBC = LURRB - LUCI.
LUOSAG = LUOS + LUAGI.
LUURBO = LUURB - LUOS.
TAREA = watershed area (square mile).
CSLOPE = slope of main channel (ft/mile).
DRDNS = feet of channel per watershed area (ft/acre).
LUPASG = percentage of watershed in pasture and grass.
LUMEAD = percentage of watershed in meadow.
LUCROP = percentage of watershed in cropland.
NONCRP = LUAGI - LUCROP.
LURSFURB = LURSF/LUURB.

Reference to Table 2 shows that wetland-related variables are part
of the final watershed models in the urban area for TN, TSS, TKN, NN,
TP and Pb; and in the agricultural area for TSS and TKN. It was an
unexpected result to find that the percentage of wetlands (LUWET) alone
did not playa more significant role in loading. The LUWET variable
appeared only in the urban NN and agricultural TKN models. Table 2
did, however, reveal that wetlands can be quite important when used as
a variable in combination with another watershed or management variable.
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Table 2
FINAL SELECTED MULTIPLE REGRESSION MODELS

FOR LONG-TERM MEDIAN LOAD DETERMINATION (lbs/mi 2)

R2 C. V. (1)
Signif

Urban Models: (~)

(21IN = 1.32+0.012*RELEF+O.025*LUURBCO .99 1 99

TN = 9296-86*LUWETAGI-54.8*LUURBCO .99 1 99

COD = 7175-772*LURSF+1297*LUURBC .99 1 99

TSS = 126,055-1389*LUWETAGI-585*LUURBCO .99 1 99

TKN = 2957-21.8*LUWTWR-23.6*LUWETAGI .99 1 98

NN = 1034-38.4*LUWET-8.6*LUOSAG .99 3 98

TP = 2139-20.3*LUWETAGI-15*LUURBO .99 7 95

Cl = -41600-84800*LURSFURB+2556*LUURBO .99 1 99

Pb = 69.6-4.7*LUWTWR-O.8*LURSF+l.3*LUURBCO .99 1 99

Agricultural Models:

(3)IN = O.188-0.002*TAREA+O.Ol*CSLOPE+ .99 1 99
O.OO8*DRDNS-O.OO9*LUPASG

TN = 1137-90*LUAGI+346*LUURB+113*LUCROP .98 9 98

COD = 169,OOO-1924*LUAGI+460*LUCROP-238*LUMEAD .99 1 99

TSS = 136,OOO-1676*LUAGI-7025*USLER+83300*USWET .99 8 99

TKN = 1565+73*LUWTR+I0*LUWET-46*LUMEAD .81 11 73

NN = 174-198*LUWTR+204*LUMEAD+561* .99 19 88
LUURB-176*NONCRP

TP = 254+25.7*LUWTR-4.2*LUMEAD .99 5 99

(1 ) Coefficient of variation (C.V.)=100*(standard deviation/mean).(2) Total inches of runoff.(3) Inches per square mile of runoff.
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The variable LUWETAGI appearing in the urban TN, TSS, TKN and TP
models as a negative relationship points to the value of wetlands and
nonintensive urban uses as factors in reducing urban area pollution
loading. LUWTWR, appearing as a negative relationship in the urban TKN
and Pb models, again supports the concept of wetland retention, in
conjunction with standing water (storage), as a natural biological
pollutant treatment system on a watershed basis. Prior work on the
origin and movement of pollutants at the sampled sites (Metropolitan
Council, 1981) indicates that much of the material moving from urban
surfaces into receiving waters is associated with particulates, which
should settle within a reasonable time span. It is for this reason
that wetlands are deemed important in reducing loads for the pollutants
containing a wetland-related model factor in Table 2.

The agricultural area models in Table 2 are distinctly different
from the urban models in terms of independent variables used in the
models. Wetland-related variables appear only in the TSS and TKN
models. For TSS, the positive relationship with USWET indicates that
enhancement of wetlands and/or decreasing the USLE soil loss will
result in the reduction of the 83,300 multiplication factor. The TKN
model, however, shows a positive LUWET variable, as well as a positive
LUWTR. Prior work on the agricultural loadings indicated that a large
portion of the agricultural load occurred in the soluble or finely
suspended state. This fact, combined with the fact that the rural area
runoff and loading are dominated by winter snowmelt and early spring
storm events when wetlands are frozen and biologically inactive, indi
cates that wetlands play less of a critical role in rural area pollu
tion determination compared to the urban pollution determination. In
summary, most of the pollutants either wash through the wetlands or
solubilize in wetlands during periods of low flow, only to be mobilized
in finely suspended or soluble form when a sufficient quantity of flow
is available. The majority of sampled rural events verify this
hypothesis. .

The conclusions drawn from the mo~els in Table 2 indicate that a
combination of wetland and other factors would reveal more insight into
wetland behavior relative to pollution reduction. This information
will also allow for conceptualization of management approaches. Table
3 lists 26 combination variables that were generated based on concepts
as to how wetlands might be functioning on a watershed basis in rela
tion to land uses and on-going management. These variables were input
to a model development program of the data management system without
any other independent variables to model the various long-term median
watershed loads. Multiple regression techniques were used to obtain
models with an alpha level of 0.05 (95 percent significance level).

Table 4 contains the best one- and two-variable models using the
wetland-related independnent variables. Some interesting observations
on wetland behavior can be made from the models in Table 4. Before
examining Table 4, however, it should be emphasized that the total
number of observations (N) in the urban dependent variables is four,
and six for the agricultural dependent variables. While these Ns are
low, recall that approximately 10,000 individual pieces of water
quality data were collected to determine the 1980 loads for the sample

H-8



Table 3
WETLAND FACTORS USED FOR DETERMINATION OF LONG-TERM MEDIAN LOADS

'/ariable

1. LUWETTC

2. LUWETDR

3. LUWETAO

4. LUWETMO

5. LU\~ETCI

6. LUWETURB

7. LUWETAG

3. Lu'WETSF

9. LUWETPO

10. LUWETMF

11. LUWETAC

12. LUWETLD

13. LUWETRM

14. LUWETBN

15. LUWETROW

16. LUWETCR

17. LUWETOAT

18. LUWETWHT

19. LUWETRF

20. LUWETUS

21. LUWETAU

22. LUWETPO

23. l.UWETI>1E

24. LUWETPG

25. l.!J\~ETOS

25. LUWET\~O

Exo1anation

Ratio wetlands/Total contributing area.

Ratio wetlands/Drainage density.

Ratio wetlands/Average overland flow.

Ratio wetlands/Miles of artificial ditch.

Ratio wetlands/Commercial and industrial.

Ratio wetlands/Urbanization.

Ratio wet~ands/Agricultural.

Ratio wetlands/Single-family residential.

Ratio wetlands/Population density.

Ratio wetlands/Multifamily residential.

Ratio wetlands/Acreage under construction.

Ratio wetlands/Low-density residential.

Ratio wetlands/Medium-density residential.

Ratio wetlands/Soybean acreage needing treatment.

Ratio wetlands/Acreage in corn and soybeans.

Ratio wetlands/Acreage in cropland.

Ratio wetlands/Acreage in oats.

Ratio wetlands/Acreage in wheat.

~atio wet1ands/Unit1ess croe rotation factor.

~atio wetlands/Universal soil loss eauation.

~atio wetlands/Number of ~nima1 units.

Total of wetlands and ~creage of poorly dr1ined soils.

Total of wetlands and acreage of meadow.

Total of wetl~nds and acreage of pasture and grassland.

Total of wet1anas 1na 1creage of open space in
urban :lrea.

Total of wetlands and icreage of ~oodldnd.
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Table 4
FIRST AND SECOND VARIABLE REGRESSION MODELS USING WETLAND FACTORS

FOR DETERMINATION OF LONG-TERM MEDIAN LOADS

B.2 C.V.(l)
Signif.

Constituent Model %

Urban Mainstem

(2) IN 5.46-2.01*LUWETSF .24 16 50
8.38-5.93*LUWETSF-51.65*LUWETAC .99 1 99

TN 2852-7790*LUWETURB .95 12 98
2844-9594*LUWETURB+357*LUWETCI .99 1 99

COO 63, 630-83, 6DO*LUWETSF .88 17 94
47, 640-69340*LUWETSF+18,62D*LUWETTC .99 3 96

TSS 48,300-139,DDO*LUWETURB .97 11 99
52,400-495,000*LUWETURB+20,050*LUWETDR .99 5 94

TKN 2226-5326*LUWETURB .92 13 96
2219-7000*LUWETURB+332*LUWETCI .99 1 99

NN 626-2465*LUWETUR8 .99 5 99
629-2257*LUWETURB-125*LUWETSF .99 1 99

TP 450-1594*LUWETURB .99 8 99
453-1334*LUWETURB-158*LUWETSF .99 2 99

Cl 81,000-114,000*LUWETSF .99 3 97
68,000-116, 000*LUWETSF+33, OOO*L UWETC I .99 1 99

Pb 99.4-2.37*LUWETPD .97 24 99
100.7-1.61*LUWETPD-151.6*LUWETURB .99 7 97

Agricultural /o4ainstem

(3) IN O.061+0.184*LUWETTC .70 45 96
0.205+0.252*LUWETTC-O.136*LUWETURB .93 25 98

TN 4876-131.3*LUWETME .76 25 98
4878-215.1*LUWETME+550*LUWETDR .93 16 98

COO 16,700+5292*LUWETDR .72 14 97
14,600+1310*LUWETDR+4140*LUWETOAT .84 12 94

TSS 94,600-1710*LUWETPD . .75 59 98
110,OOO-1511*LUWETPD-1334*LUWETPG .88 47 96

TKN 999+166.9*LUWETOAT .44 14 85
858+472*LUWETOAT-99,OOO*LUWETAO .75 10 88

NN 3656-134.9*LUWETME .81 52 99
453D-127.5*LUWETME-57.0*LUWETPG .94 34 99

TP 116.6+48.0*LUWETDR .54 24 91
96.6+68.4*LUWETDR-2255*LUWETBN .99 5 99

(l)Coefficient of variation (C.V.)=lOO*(standard deviation/mean).
(2) Total inches of runoff.
(3) Inches per square mile of runoff.
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watersheds. These 10,000 pieces of data then formed the basis for
determining the 18-year long-term median loads for all watersheds in
the Region. This projection resulted in 26,000 observations for each
urban constituent and 39,000 observations for each rural constituent.
The purpose again of Table 4 is to indicate general implications of
various management approaches.

The most obvious trend in the urban models in Table 4 is the
frequent and strong negative correlations between loads and the level
of urban development. This relation appears as a first variable in the
equations as either LUWETURB or LUWETSF. Therefore the enhancement of
urban and single-family residential relative to wetlands will lead to
an increased loading of runoff (IN), TN, COD, TSS, TKN, NN, TP and Cl.
The second variable relationships generally support this finding, with
a few exceptions. The positive variable LUWETCI appears in the second
equations for TN, TKN, and Cl. This relationship is not clear, but is
suspected of indicating the soluble nature of the nitrogens and Cl;
that is, as the area of wetlands becomes larger, there is more solubil
ization of nitrogen and thus more mobility. In contrast, commercial/
industrial areas contribute particulate-associated nitrogen that tends
to be less mobile. Further research on this relationship would help
determine whether the solubles explanation is reasonable, or whether
the relationship is circumstantial.

A different variable appears in the urban models for Pb, where
LUWETPD occurs as the first and second models. This variable represents
wetlands plus poorly drained soils, indicating a capability to retain
Pb and possibly other metals in wetlands and poorly drained soils.
This relationship is logical since Pb from urban areas tends to move
while adsorbed onto particulates that would settle and/or be attracted
to other particulates.

The only other variables appearing in the second variable urban
models are LUWETAC, LUWETTC and LUWETDR. The inches of runoff model
shows that reduction of wetlands during active construction can lead to
increased runoff. The COD model indicates that a large amount of
wetlands in a watershed can enhance the COD load; this relationship is
viable since the loading work showed that much of the COD moving from
both urban and rural areas is dissolved. The TSS model shows a posi
tive LUWETDR relationship. Further consideration of the variable
LUWETDR leads to the realization that wetland occurrence and drainage
density are actually reverse surrogates, that is, as one increases, the
other decreases. This relationship makes explanation of the TSS model
difficult because of the intercorrelation of the independent variables
in the model.

For the rural models in Table 4, three findings seem most
significant. First, the relationships developed, as represented by the
R-square, C.V, and significance statistics, are not as strong as in
the urban area. This would appear to be a function of the phenomenon
discussed previously concerning the dominance of annual loading by
snowmelt and early spring storm events when wetlands are less able to
playa major role in quality determination. .
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Another significant finding, perhaps related to the first, is that
several of the models seem to indicate that wetlands in rural areas
promote loading of soluble constituents. This relationship occurs in
the TN, COO, TKN and TP models with the positive LUWETOR and LUWETOAT
variables. Again, it is believed that wetlands in rural areas serve
as collection points for pollutants during runoff events, and solubiize
these pollutants (probably under anaerobic conditions), thus making
them more mobile whenever a sufficient quantity of flow again occurs.

The third major finding is that wetlands preservation combined with
good agricultural management serves to reduce pollution loads. The
negative additive variables LUWETME and LUWETPG, and the negative ratio
variable LUWETBN all point to the importance of maintaining a good
conservation approach to farming, particularly the inclusion of meadows
and grasses into the rotation. The positive LUWETOAT relationship in
the second COD model and in both TKN models is not at all clear.
Again, it is suspected that this relationship is showing the contribu
tion factor that wetlands in rural areas play in soluble pollutant
transport, that is, wetlands tend to promote soluble pollutant
migration.

The first rural area inches model shows a positive LUWETTC rela
tionship indicating that wetlands are not important to the runoff
situation when most of it occurs in the early spring, and might be
positive contributors or recharge points later in the year when smaller
runoff events occur. The high variation and low R-square shows substan
tial variability in these models even though the significance is quite
high. Addition of negative LUWETURB improves the R-square showing the
effect of impervious surfaces on runoff even in rural areas.

Management Implications

The findings raise questions on the type of management recommendations
that can be made relative to wetland prese~vation. To further evaluate
the results for the rural area, the models in Table 2 were applied to
45 rural watersheds, and the resultant loads were plotted against
LUWET. The plots that resulted showed random IIshotgun ll patterns with
R-square less than 0.01 for all constituents except TSS. This finding
tends to verify the solubilization phenomenon of rural wetlands and the
inactivity of wetlands during periods of highest loading. Wetlands did
show a relatively good logarithmic correlation with TSS as shown in
Figures 1a (semi-log) and 1b (log-log), undoubtedly due to the fact
that wetlands generally occur in low-lying areas that promote settling
of suspended material.

Figure 1a shows that retention of about 10 percent of watershed
wetlands maximizes loading reductions. Retention of wetland area
greater than 10 percent of the total probably yields minimal additional
improvement in TSS. The same relationship is shown by the dashed line
in Figure lb.

The urban watershed results of the plotting process for 66 water
sheds generated far better relationships between load and wetlands, as
first evidenced in Table 2. Every constituent except Cl, Pb and COD
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Figure 1(a,b,c,d). Plot of pe-rcent of wetlands versus load per sq. mI.
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showed linear relationships typified by Figures lc (TSS) and Id (TN).
These relationships all point to the fact that retention of urban
wetlands will lead to continued or improved water quality on an annual
basis likely because the urban pollutants occur generally in
particulate-associated form.

The management implications of these rural and urban findings then
are that rural area wetlands, although likely beneficial for solids
settling, do not appear to playa significant role in nutrient or
oxygen-demanding substance pollution reduction. This indicates that
pollution control in the rural area has to focus on the active
agricultural practices, particularly as they relate to surface cover
during the winter and early spring and focus on increased infiltration
and retention of water on the fields becomes extremely important.
Wetlands should still, however, be preserved because of their
substantial sediment-capturing capabilities and their value as related
to other natural resources.

Preservation of urban wetlands has been shown to be of significant
importance in pollution reduction. Both particulate-associated and
soluble pollutants were shown to be reduced substantially in watersheds
where wetland occurrence was large. The findings showed that urban
development at the cost of wetland loss would lead to increased pollu
tion loading. It must be emphasized here that no effort was made to
study the impact on wetlands from discharging pollutants at rates
typical of urban areas. It cannot be stated that continued discharge
of pollutants into an urban wetland will not eventually destroy that
wetland. Research into this area would certainly enhance and, hope
fully, support use of wetlands for stormwater treatment. For now, it
is recommended that discharge of highly sediment-laden or suspected
toxic stormwater into wetlands be preceeded by a period of adequate
settling to reduce the cumulative and shock effect of such loading on a
wetland ecosystem.

SUMMARY AND CONCLUSIONS

A study of six rural and 11 urban watersheds has shown that wetland
occurrence is a very important factor in urban nonpoint pollution
loading, and in rural area particulate loading. Dependence upon
wetlands for treatment of soluble or fines-associated pollutants in
rural areas does not appear feasible because wetlands are frozen and/or
biologically dormant during the period when most of the annual load
occurs. From a management standpoint, retention of urban wetlands as
treatment systems appears to be a very beneficial practice, as does
retention of rural wetlands for particulate controls and related
natural resource benefits. Additional study is needed concerning the
impact on wetlands from continuous nonpoint loading.
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Appendix I
POLLUTANT ASSOCIATIONS AFTER LABORATORY SETTLING
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INTRODUCTI ON

A substudy was done on several samples collected during three 1980 runoff
events (late May-early June, late August, late September). Samples were
agitated and allowed to settle for various periods of time to determine pol
lutant associations with various size fractions under quiescent conditions.
Results will bear some relationship to field conditions if quiescent settling
is allowed, and outflow is from near the top of the water column, but yield
only qualitative information for turbulent conditions.

METHODS

Rainfall runoff samples were collected at selected sites during three events.
The samples were either flow composited (May-June, August) or were selected for
their location on the runoff hydrograph (September). Approximately four liters
of sample were allowed to reach ambient laboratory temperature and then agi
tated with a plunger for two minutes. Immediately after agitation a subsample
was taken at 10 cm depth. Subsequent subsamples were then taken at any or all
of the following times: seven minutes; one hour; three hours; and 24 hours.

The subsample times were taken based on the undisturbed settling velocities of
sand and silt (seven minutes for 15.5 micrometer particles) and clay (one hour
for 4 micrometer particles) at 10 cm based on Stoke's Law, which follows:

v = (g/l§t.J (S-l) d2

Where v = settling velocity
d = particle size
g = acceleration due to gravity

A = kinematic viscosity of water
s = specific gravity of particle.

The three-hour and 24-hour samples were taken to synthesize typical field
detention times likely experienced in association with a runoff event.

Subsamples were extracted from the larger sample by using a peristaltic pump
and a silicone hose with a specially designed intake nozzle. A brief purge
period preceded every subsample collection. The subsamples were then analyzed
according to the methods in Appendix A.

Results and Discussion The results of the laboratory settling study are
presented in Tables I-I to I-3 for three different events. Table I-I lists the
results of analyses from six sites, each site for one of a series of storms
that occurred from late May through early June in 1980. Table I-2 similarly
lists the results of six sites for an Aug. 30, 1980 event; Table I-2 lists the
solids, nutrients and COD, and Table I-2b lists the heavy metals. Finally,
Table I-3 shows the results of the analysis for an Oct. 23, 1980 event for four
sites at different hydrograph periods; again, the tables are split by analysis
type.

Table I-I was the prototype substudy during which the methodology was tried for
the first time. As a result, several samples were destroyed in some manner and
data voids exist. This first settling sequence was run only for seven minutes
and one hour to see what trends occurred; subsequent addition of settling times
was obviously mandated.
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Few conclusions can be drawn after examination of Table 1-1. It appears for
the first five samples that a fair amount of TSS settles below 10 cm in the
first hour (54-93 percent). The 80th St. site, however, does not, probably
because this site is at the end of a drainage system containing eight detention
ponds. The rest of the data for 80th St. enforce the idea that most solids
associated pollutants have settled prior to reaching the 80th St. pond out
flow. One-hour TP values range from 34 to 82 percent for the urban (not includ
ing 80th) and only seven percent for the agricultural Bevens site. Similar
values were seen for the TKN and COD measurements. Lead reductions were quite
variable, ranging from 3 to 78 percent. The scant data then show that a fair
amount of solids reduction can occur in just one hour of quiescent settling,
but nutrients, oxygen-demanding substances and lead can be associated with fine
grained particles or be dissolved and migrate through such settling facilities.

The Aug. 30, 1980 data in Table I-2a were collected from six urban storm sewer
sites. The data for all six stations show an almost total (96-98 percent)
suspended solids reduction at 10 cm after 24 hours of settling. Much of the
settling has actually occurred after one hour. The VSS value at zero settling
is quite far from the TSS value, but the VSS:TSS ratio increases greatly with
time, illustrating the fines nature of the volatile solids constituent. Total
phosphorus from these sites also exhibits a strong settling pattern with a 24
hour range of 44 to 74 percent. A single dissolved phosphorus (DP) value was
taken to show the dissolved to total ratio. Nitrite-nitrate-nitrogen (NN) is
mostly in a dissolved state and therefore shows little association with particu
lates, except for Wesley for an unknown reason. Total Kjeldahl nitrogen (TKN)
shows the same behavioral characteristics as TP, having a range of 38 to 65 per
cent. Notice that the dissolved Kjeldahl comprises a large part of the initial
TKN, and that in four cases the initial dissolved concentration exceeds the
final total concentration; this DKNo exceeding TKN24 could be due to
ammonia gases being driven off and/or by mineralization of nitrogen from
ammonia to an organic form. Finally, the COD data shows results slightly
higher than the nutrients in percent reduction.

The heavy metals data in Table I-2b are fairly consistent in the percent reduc
tions with a few exceptions. The data typically show a 50 to 90 percent reduc
tion at 10 cm in 24 hours. A substantial portion of the percent reduction does
occur after only three hours at most sites where data exist. However, settling
is slow to start with generally little reduction associated with the silt frac
tion; this shows the general association of the metals with fine particulates.

Table 1-3 gives the results of sample analysis for an Oct. 23, 1980 event at
four sites for various limbs of the hydrograph. Three of the sites are urban
and one (Vermillion) is rural. Again the TSS and VSS at time zero are quite
far apart, but converge after 24 hours of settling. Also as before, the
suspended solids decrease substantially in 24 hours, with a large part of the
reduction occurring in just three hours. PDQ and Vermillion data are for the
falling limb of the hydrograph, so comparison with other parts of the hydro
graph is not possible. For Sandburg, approximately twice the rising limb
suspended solids are associated with clay or larger particles as compared to
the falling limbs; that is, more coarse material is concentrated in the rising
limb and at a higher initial concentration. The same behavior is seen for the
Hwy. 100 site, where the rising limb has more coarse particles than the roughly
equivalent peak and falling limb. For Sandburg and Hwy. 100 the total solids
settled after 24 hours are a lesser percentage than the rising limb, again
indicating the coarser character of initial runoff. For Vermillion and PDQ,
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however, the three-hour and 24-hour settling reductions are even higher than
Sandburg and Hwy. 100, thus showing the variability in runoff behavior and
danger in generalizing conclusions.

The phosphorus data are difficult to interpret because it appears as though
some erroneous data are introduced. From the data that do appear to be cor
rect, the phosphorus reduction in 24 hours is in the 25 to 50 percent range,
similar to the two previous periods (Tables 1-1 and 1-2). The TKN data are
again interspersed with apparently incorrect figures, but ignoring these still
shows that reductions of about 50 percent occur at 10 cm depth in 24 hours.
The Sandburg and Hwy. 100 data show a small tendency toward association with
coarser particles on the rising limb. The dissolved Kjeldahl and dissolved
ammonia data show that most of the DKN is in fact in the organic form, and much
of the remaining TKN after 24 hours is, therefore, composed of dissolved
organic nitrogen. The dissolved nitrite-nitrate-nitrogen stays very constant
from time zero to 24 hours and is generally high relative to ammonia, except
for the Hwy. 100 rising limb. This behavior seems to suggest that nitrifica
tion is proceeding because oxygen is plentiful, a condition known to exist in
runoff events. The COD data are similar to previous events in that about 50 to
75 percent reduction occurs in the urban areas. The Vermillion rural site,
however, has a rather large dissolved constituent load and is reflected in the
low COD reduction for 24 hours.

Table I-3b presents metals data for the October event. The discrepancy seen in
a prior event again occurs wherein the PDQ falling reductions are greater than
the falling reductions for the other sites. For Sandburg and Hwy. 100,
rising limb reduction exceeds peak and falling reductions, but the 24-hour
reductions are all essentially equal or very close. Again, the initial washoff
shows metals associated with coarser-grained material, tending toward finer
material as the hydrograph proceeds.

To summarize the settling substudy, it appears that very good reductions in
suspended solids can be achieved in a quiescent settling situation with outflow
coming from near the surface of the water column. Such a facility could be
designed to discharge through a riser or over a spillway, or to discharge
through a filter (gravel, sand, fabric) that filters all but very fine-grained
material. The data also appear to show that fairly good reductions could be
achieved for nutrients (25-50 percent), COD (25-50 percent) and metals (50-75
percent) under most conditions as described above. To again emphasize, the
conclusions reached for this substudy are very preliminary and based upon a
limited set of experimental circumstances. Discharge of settled water below 10
cm or any turbulence introduced to the detention facility will likely decrease
the reductions presented in Tables 1-1 through 1-3.

1-4



Table I-I.
SAMPLING STUDY - I1AY AND JUNE 1980 (C0MPOSITE SAMPLES)

Site Settling Percent Percent Percent Percent Percent Percent
(Rainfall) Date Time TSS Reduction VSS Reduction TP Reduction TKN Reduction TCOD Reduction TPb Reduction

Shingle June 5 None 526 132 .62 2.84 145 .23

(1.57")
7 min. 190 64 52 61 1.72 40 81 44 .15 35

1 hr. 38 93 14 89 .18 71 .80 72 33 77

Shin;lle June 12 none 1. 30 9.60 .60
(1.02 ')

7 min. .57 56 3.12 68 .28 53

1 hr. .23 82 1.40 86 .13 78

Yates May 29 none 161 .49 2.60 no .32

(0.27") 7 min. 119 26 .48 2 2.48 5 .31 3

1 hr. 42 74 .32 35 1.84 29 74 33

Bevens June 5 none 186 28 1.45 2.64
(0.64") 7 min. 140 25 22 22 1.40 4 2.58 2

1 hr. 85 54 14 50 1.35 7 2.40 9

Hwy 100. May 29 none 329 1.25 5.00 289 .55
.....
I (0.29") 7 min. 217 34 1.15 18 4.40 12

(J"1

1 hr. 59 82 .83 34 184 36 .22 60

Sandburg May 29 none 731
1.30 5.20 329 .68

(0.29") 7 min. 575 21 .90 31 4.80 8 274 17

1 hr. 198 73 .45 65 2.24 57 160 51 .43 37

80th St. June 5 none 326 46 .67 1.60 51 .026

(3.64") 7 min. 316 3 49 4

1 hr. 248 24 44 4 .60 10 1.40 12 43 6 .023 12



Table I-2a.
SETTLING STUDY AUGUST 30, 1980

Settling Percent Percent Percent Percent
Site Time TSS Reduction VSS Reduction TP Reduction DP DP/TP NN Reduction TKN Reduction DKN DKN/TKN TeOD Reduction

Wesley None 130 16 .71 .29 .37 .70 1.36 .96 .70 34
(0.93") 7 min. 69 47 12 25 .62 13 .65 7 1.08 21 36

1 hr. 13 90 4 75 .50 30 .55 21 .76 44 21 38
3 hrs. 6 95 4 75 .46 35 .45 36 .86 37 19 44

24 hrs. 1 99 1 94 .40 44 .25 64 .82 40 15 50

Iverson None 1088 146 2.0 .05 .02 .55 2.6 1.2 .46 176
(0.60") 7 min. 660 39 100 32 1.7 15 .55 0 2.4 8 162 8

1 hr. 336 69 68 53 1.25 38 .55 0 1.8 31 132 25
3 hrs. 160 85 44 70 .98 51 .50 9 1.6 38 106 40

24 hrs. 32 97 28 81 .70 65 .40 27 1.4 46 82 53

Hwy. 100 None 112 36 .45 .09 .20 .30 1.76 .62 .35 54
(1.12") 7 min. 80 29 40 .43 4 .30 0 1.66 6 48 26

1 hr. 16 86 14 61 .33 27 .25 17 1.10 38 32 41
3 hrs. 14 88 8 78 .29 36 .25 17 1.06 40 21 41

24 hrs. 5 96 1 97 .21 53 .30 0 .76 57 16 70

Estates None 80 30 .32 .09 .28 .75 1.54 .76 .49 78
(1.28") 7 min. 26 68 16 47 .23 28 .55 27 1.20 22 52 33

1 hr. 1 99 1 97 .15 53 .55 27 .80 48 35 55
...... 3 hrs •
I 24 hrs. 1 99 1 97 .11 66 .55 27 .68 56 23 71
m

PDQ None 264 70 .39 .09 .23 .65 1.96 .84 .43 108
(0.67") 7 min. 48 82 18 74 .24 38 .55 15 1.28 35 71 34

1 hr. 1 99 1 99 .16 59 .55 15 .90 54 47 56
3 hrs.

24 hrs. 1 99 1 99 .10 74 .55 15 .68 65 46 57

Sandburg None 146 36 .23 .10 .43 .30 1.16 .84 .72 86
(1.12") 7· min. 4 97 2 94 .14 39 .30 0 .86 26 26 70

1 hr. 1 99 1 99 .12 48 .30 0 .82 29 21 76
3 hrs.

24 hrs. 1 99 1 99 .09 61 .72 38 13 85



Table I-2b.
AUGUST 1980 SETTLING STUDY - METALS (ug/l)

Sett1ing Percent Percent Percent Percent Percent Percent
Site Time Pb Reduction Zn Reduction Cd Reduction Fe* Reduction Mn* Reduction Cr Reduction Cu Reduction

Wesley None 32 90 .5 4.4 .23 22 22
7 min. 18 44 .2 60 3.1 30 .15 52 15 32 18 18
1 hr. 8 75 60 30 .2 60 1.4 68 .05 78 11 50 13 41
3 hrs. 6 81 50 44 .2 1.0 77 .02 91 9 59 12 45

24 hrs. 3 91 30 67 .2 .6 86 .02 91 3 86 12 45

Iverson None 65 200 .7 52.0 1.60 50 41
7 min. 62 5 190 5 .7 0 49.0 6 1.45 9 43 14 38 7
1 hr. 53 18 190 5 .4 43 39.5 24 1.05 34 35 30 34 17
3 hrs. 46 29 .4 43 33.5 36 .86 46 28 44 28 32

24 hrs. 27 58 160 20 .3 57 24.0 54 .51 68 18 64 19 54

Hwy. 100 None 130 120 .6 5.5 .25 7 12
7 min. 108 17 .5 17 5.3 4 .22 12 12 0
1 hr. 49 62 70 42 .2 67 3.0 45 .10 60 6 14 7 12
3 hrs. 40 69 40 67 .2 67 2.4 56 .07 72 6 14

24 hrs. 21 84 20 83 .2 1.6 71 .04 84 5 29 4 67

Estates None 189 160 .7 4.6 .24 7 16
7 min. 89 53 120 25 .4 43 2.2 52 .10 58 5 29 10 38
1 hr. 20 89 60 62 .2 71 .6 87 .02 92 4 43 6 62
3 hrs.

I-< 24 hrs. 11 94 20 88 .2 .4 91 .01 96 4 43 5 69
I

-....J
Sandburg None 58 100 :6 3.0 .16 6 14

7 min. 14 76 60 40 .2 67 .8 73 .06 62 6 57
1 hr. 8 86 .2 67 .4 87 .04 75 4 33 5 64
3 hrs.

24 hrs. 4 93 30 70 .2 67 .2 93 .02 88 3 50 4 71

PDQ None 92 220 1.0 4.8 .26 7 13
7 min. 41 55 150 32 .9 10 2.3 52 .11 58 4 43 9 31
1 hr. 13 86 100 55 .3 70 .8 83 .04 85 4 43 5 62
3 hrs.

24 hrs. 4 90 70 68 .2 80 .3 94 .02 92 3 57 3 77



Table 1-3a
SETTLING STUDY - SEPTEMBER 1980

Percent Percent Percent Percent Percent
Station Settling Reduc- Reduc- Reduc- Reduc- Reduc-

(Rainfall) Time TSS tion VSS tion TP tion DP TKN tion DKN DN/N DNH4
COD tion

PDQ none 932 144 .12 .28 1. 60 196
- falling 7 min. 524 44 152 (-6) .10 17 .26 7 138 30

limb 1 hr. 252 73 92 36 .12 0 .26 7 90 54
3 hrs. 112 88 80 44 .05 58 .06 79 68 65

24 hrs. 20 98 17 88 .37 (-208) .22 .70 (-150) .56 1.65 .02 46 76

Vermillion none 56 42 .23 1.16 2.55 56
- falling 7 min. 39 30 27 36 .17 26 .90 22 82 (-46)

limb 1 hr. 15 73 10 76 .14 39 .78 33 52 7
3 hrs. 7 88 7 83 .19 17 1.12 3 48 14

24 hrs. 1 98 1 98 .15 35 .12 1.04 10 1.04 2.50 .02 46 18

Sandburg none 216 57 .40 1.34 .30 92
- rising 7 min. 173 29 42 26 .39 2 1.34 0 88 4

limb 1 hr. 68 68 22 61 .27 32 .90 32 58 37
3 hrs. 41 81 15 74 .22 45 .70 48 50 46

24 hrs. 16 93 10 82 .17 58 .09 .64 52 .50 ~30 .03 36 61

Sandburg none 133 33 .31 1.10 .50 36
- falling 7 min. 120 8 32 3 .31 0 1.14 (-4) 46 (-28)

limb 1 hr. 81 39 23 30 .25 19 .98 11 54 (-50)
3 hrs. 42 68 18 45 .20 35 .82 25 46 (-28)

24 hrs. 18 86 10 70 .15 52 .07 .62 44 .48 .50 .05 54 (-50)......
I

CO Hwy. 100 none 116 58 .84 2.64 .10 154
- rising 7 min. 84 28 46 21 .79 6 2.40 9 126 18

limb 1 hr. 33 72 21 64 .59 30 1.80 32 82 47
3 hrs. 21 82 19 67 .48 43 1.46 45 66 57

24 hrs. 6 95 6 90 .40 52 .29 1.28 52 .88 .20 .19 34 78

Hwy. 100 none 55 24 .40 1.32 : .30 92
- peak 7 min. 52 5 34 (-42) .51 (-28) 1. 32 0 82 11

1 hr. 37 33 22 8 .55 (-38) 1. 68 (-27) 58 37
3 hrs. 20 64 17 29 .35 12 .98 26 41 55

24 hrs. 7 87 7 71 .92 (-130) .25 .84 36 .68 .30 .03 35 62

Hwy. 100 none 46 23 .38 1. 26 .30 72
- falling 7 min. 39 15 21 9 .38 0 1.14 10 51 29

limb 1 hr. 27 41 15 35 .34 10 .92 27 54 25
3 hrs. 18 61 9 61 .34 10 .82 35 56 22

24 hrs. 7 85 7 70 .28 26 .20 .68 46 .42 .30 .03 35 51

:sa
1/13/81



Table I-3b.
SETTLING STUDY FOR METALS (mg/l)

September 1980

Settling Percent Percent Percent Percent
Station Time Pb Reduction Zn Reduction Fe Reduction Mn Reduction

PDQ None .300 .320 29.0 1.43
fa 11 ing 7 min. .210 30 .225 30 21.5 26 1.02 29

1 hr. .080 73 .120 62 14.5 50 0.53 63
3 hrs. .057 81 .100 69 11.0 62 0.35 76

24 hrs. .025 92 .040 88 3.9 87 0.10 93

Vermi 11 ion None 2.5 0.13
fa 11 ing 7 min. 2.2 12 0.11 15

1 hr. 1.1 56 0.04 69
3 hrs. 0.8 68 0.02 85

24 hrs. 0.5 80 0.01 92

Sandburg None .150 .130 7.2 0.34
rising 7 min. .150 0 .125 4 6.6 8 0.32 6

1 hr. .063 58 '".075 42 4.5 38 0.16 53
3 hrs. .046 69 3.1 57 0.10 71

24 hrs. .029 81 "060 54 1.8 75 0.06 82

Sandburg None .090 .1lO 5.5 0.26
...... falling 7 min. .090 0 5.5 0 0.26 0
I 1 hr. .072 20 .090. 18 4.0 27 0.17. 35

\D 3 hrs. .050 44 .060 45 3.4 38 0.12 54
24 hrs. .035 61 .060 45 2.4 56 0.06 77

Hwy. 100 None .225 .150 4.8 0.56
rising 7 min. .210 7 120 20 3.8 21 0.50 11

1 hr. .110 51 :090 40 1.6 67 0.44 21
3 hrs. .110 51 .•060 '·80 1.6 67 0.43 23

24 hrs. .050 78 .060 80 0.7 85 0.41 27

Hwy. 100 None .110 .090 2.5 0.38
peak 7 min. .120 (-9) .100 (-11) 2.4 4 0.36 5

1 hr. .130 ( -18) .080 11 1.6 36 0.34 11
3 hrs. .074 33 .060 33 1.2 52 0.31 18

24 hrs. .052 53 .060 33 0.5 80 0.27 29

Hwy. 100 None .100 .080 2.0 0.27
falling 7 min. .130 (-20) .080 0 2.0 0 0.27 0

1 hr. .076 24 .070 12 1.4 30 0.24 11
3 hrs. .076 24 .060 25 1.1 45 0.24 18

24 hrs. .057 43 .070 12 0.6 70 19 30




